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Abstract 
The biomechanical principles and the biological consequences in femoroacetabular impingement (FAI) are poorly 
understood in detail. We report our experience in diagnosis, surgical treatment and outcome of more than 50 FAI 
patients. An algorithm for the diagnosis and treatment of FAI is developed. Recent data confirm the impact of 
molecular MRI to detect early cartilage damage and the efficiency of gait analysis for monitoring. Surgical 
elimination of the causative biomechanical deformity is crucial for midterm clinical success, which is strongly 
presented after 6 months already. Open surgical dislocation of the hip provides an excellent overview allowing 
different treatment modalities.
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Osteoarthritis (OA) of the hip stems from a combination of intrinsic factors, such as joint anatomy, and 
extrinsic factors, such as body weight, injuries, diseases, and load. Possible risk factors for OA are 
instability and impingement of the hip joint or combinations of both. Different surgical techniques, such 
as pelvic or femoral osteotomies including surgical hip dislocation and hip arthroscopy are performed to 
delay or halt or even reverse early hip OA.  
Using surgical dislocation of the hip it was shown by our group that a statistical significant 
improvement of the clinical status according to functional scores could be assessed at six and 12 months 
postoperatively in Camp type FAI patients [1]. Here, we found no specific clinical and radiographic 
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parameter with predictive value. However, based on the data of other studies it is obvious that long-term 
success of these salvage hip procedures, depends on the degree of cartilage damage prior to surgery; the 
likelihood of therapy failure rises with advanced OA.  
It is also evident that most standard radiographic parameters used to diagnose early hip joint diseases 
are not well reproducible. Accordingly, a more clear set of definitions and measurements must be 
developed to allow for more reliable and precise diagnosis of early hip disease on x-rays. 
To date, magnetic resonance imaging (MRI) represents the most promising technique for imaging of 
intra-articular pathologies. It enables clinicians to directly visualize cartilage, provides high soft tissue 
contrast, and offers the prospect of multidimensional imaging. However, there is a controversial 
discussion on the diagnostic efficiency of MRI in early cartilage damage or in labral tears but also on the 
question which MRI technique is most appropriate. It is evident that chronic cartilage lesions diagnosed 
from plain x-rays as well as detected on native MRI images represent advanced stages of degeneration.  
At present, MRI arthrography using intra-articular contrast agent has been established as the standard 
technique for imaging of labral lesions. However, the diagnostic reliability of cartilage lesions remains 
moderate only. One promising technique recently developed and applied to daily clinical routine is 
contrast enhanced MRI, referred to as delayed gadolinium-enhanced MRI of cartilage (dGEMRIC). This 
method is based on the finding that glycosaminoglycans (GAG) contribute a strong negative charge to the 
cartilage extracellular matrix. If a negatively charged contrast agent, such as Gd(DTPA)2- (gadolinium 
diethylenetriamine-penta-acetic acid), is applied intravenously or intraarticularly this substance penetrates 
the cartilage and will distribute in inverse proportion to the GAG content. By means of gadolinium-
enhancement within cartilage and subsequent T1 quantification, T1 values can be used as an index for 
GAG concentration. Because GAG are lost early during cartilage degeneration, this technique may 
improve OA diagnosis at early stages. dGEMRIC has been investigated in vitro in vivo, and for follow-up 
of cartilage repair procedures.  
We investigated the GAG content of hip joint cartilage in young adult patients with pre-osteoarthritic 
hip deformities due to childhood diseases: 33 hip joints after Legg-Calve-Perthes Disease (LCPD) and 32 
hip joints after Slipped Capital Femoral Epiphysis (SCFE) could be evaluated radiographically and by 
dGEMRIC and T2* mapping [2-6]. As a prototype of FAI both pathologies present typical disorders that 
cause early OA in young adults. We found specific damage patterns for the two entities: cartilage damage 
after SCFE seems to be related to the degree of offset pathology, whereas for LCPD patients, a significant 
GAG loss was observed in the medial compartment while this decrease is less apparent centrally and 
laterally. In contrast in SCRF patients the GAG loss was found laterally where the FAI may occur first 
(Figure 1). It was concluded that dGEMRIC allows direct assessment of cartilage matrix biochemistry and 
may depict the complex damage pattern of hip joint cartilage due to childhood hip disorders spatially and 
qualitatively better than other radiographic methods. In the future, dGEMRIC may help clinicians to 
better understand cartilage degeneration and regeneration and to indicate the adequate therapy based on 
the disease stage. Furthermore, the efficiency of defined therapies could be evaluated and monitored 
precisely.
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Fig. 1. Arthro-MRI (left) and dGMRIC (right) of the hip joint at 3 Tesla MR. dGMRIC allows to distinguish between cartilage 
lesions on the femoral or on the acetabular site. 
In another study, we investigated the use of three-dimensional computerized gait analysis in the 
intermediate follow up in SCFE and in the long term follow up in LCPD [7,8] based FAI patients. It was 
hypothesized that gait analysis would contribute additional information to the known clinical and 
radiographic parameters and could serve as a useful diagnostic tool in the daily clinical practice. 
Compared to the group of healthy controls, the study group was found to demonstrate significant 
differences: reduced step frequence (p < 0.001), longer stride length (p = 0.001), more pelvic obliquity in 
the sagittal plane (p < 0.001). On the affected side, a reduced maximal hip extension (p = 0.005), a 
reduced maximal knee flexion during swing phase (p < 0.001) and less power of the hip joint (p < 0.001) 
could be observed. Within the study group of SCFE patients and after division into three groups, a 
significant impact of offset-decrease was observed for step length (p = 0.041) duration of one leg stance 
phase (p = 0.024) and motion pattern of the hip the frontal plane (p = 0.026) (Figure 2). We concluded 
that significant differences in gait kinematic and kinetic could be observed with loss of gait balance. 
Globally, the reduced hip function in the sagittal plane was reflected by a pathological „hip flexor index“. 
The observed differences are suggestive of a sparing mechanism of the affected joint. As a consequence 
gait analysis seems to be a helpful tool monitoring FAI patients (SCFE, LCPD) after surgical and non-
surgical therapy so that pathological motion patterns may be recognized and treated in a timely fashion.  
Fig. 2. (a) and (b). Gait analysis quantifies functional parameters in FAI with early or late cartilage damage. The x-rays of the hip 
joint showed the dependency between functional outcome and degree of pathology in LCPD patients. 
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